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(57) ABSTRACT 

This method comprising a stop layer, a dielectric layer, a 
bottom hard layer and top hard mask layer are formed on a 
substrate, sequentially. A via pattern photoresist layer is 
formed on the top hard mask layer. The top hard mask layer 
is etched by using the via pattern photoresist layer as a mask 
to transfer the via pattern into the top hard mask layer then 
removed the via pattern photoresist layer. A trench pattern 
photoresist layer is formed on the top hard mask layer 
Wherein the trench pattern is over the via pattern. The bottom 
hard mask layer is etched by using the top hard mask layer 
as a mask to transfer the via pattern into the bottom hard 
mask layer. The top hard mask layer is etched by using the 
trench pattern photoresist layer as a mask, Wherein the via 
pattern is transferred into a portion of the dielectric layer. 
The bottom hard mask layer is etched by using the top hard 
mask layer as a mask, Wherein the via pattern is transferred 
into the dielectric layer. The dielectric layer is etched by 
using the bottom hard mask layer as a mask to form a via 
hole and a trench line in the dielectric layer, Wherein the 
trench line is over the via hole, and the via hole exposes a 
portion of the substrate. 
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METHOD FOR DUAL DAMASCENE PROCESS 
WITHOUT USING GAP-FILLING MATERIALS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to fabrication of a 
semiconductor device and more particularly to a method for 
forming a dual damascene structure Without using gap 
?lling material. 

[0003] 2. Description of the Prior Art 

[0004] Dual damascene etching creates trenches for lines 
and holes for vias, Which are then simultaneously metalliZed 
to form the interconnect Wiring. Dual damascene processes 
including self-aligned dual damascene (SADD), via-?rst 
dual damascene (VFDD) and trench-?rst dual damascene 
(TFDD). Self-aligned dual damascene method needs a thick 
intermediate layer to serve as a photo anti-re?ection layer 
and a etching stopping layer. This extra layer causes a larger 
RC delay and extra substrate stress. Trench-?rst dual dama 
scene method Will induce resist thickness variation on 
topography that Will product resist footing and residues. 
Trench-?rst dual damascene method Will also suffer the gap 
?lling capability of Cu plating out of photo misalignment. 
Currently, very feW company use self-aligned dual dama 
scene method or trench-?rst dual damascene method to 
de?ne dual damascene structure. 

[0005] About to via-?rst dual damascene method, conven 
tional via-?rst dual damascene process as shoWn in FIGS. 
1A through 1H. There is a conductive layer 15 on a 
substrate 10. A ?rst stop layer 20, a ?rst dielectric layer 25, 
a second stop layer 30, a second dielectric layer 35 and a 
hard mask layer 40 are formed on the conductive layer 15, 
respectively, as shoWn in FIG. 1A. A ?rst bottom anti 
re?ectivity coating (BARC) layer 45 is formed on the hard 
mask layer 40. A ?rst photoresist layer 50 is formed on the 
?rst BARC layer 45 Wherein the ?rst photoresist layer 50 has 
a via pattern 55, as shoWn in FIG. 1B. 

[0006] Then, an etch process is performed by using the 
?rst photoresist layer 50 as a mask to form a via opening 
55-1 from ?rst BARC layer 45 to expose the ?rst stop layer 
20, and the ?rst photoresist layer 50 and the ?rst BARC layer 
45 are then removed, as shoWn in FIG. 1C. Next, a 
gap-?lling material 60 is ?lled to the via opening 55-1. The 
gap-?lling material 60 Will cross-linked When ?ll into the via 
opening 55-1, as shoWn in FIG. 1D. 

[0007] A second BARC layer 65 is formed over the hard 
mask layer 40 and via opening 55-1. A second photoresist 
layer 70 is formed on the second BARC layer 65 Wherein the 
second photoresist layer 70 has a trench pattern 75, as shoWn 
in FIG. 1E. Next, an etch step is utiliZed to remove the 
exposed portion from the second BARC layer 65 to second 
stop layer 30 to form a trench opening 75-1. But, the 
interaction betWeen gap-?lling material 60 and second 
dielectric layer 35 to form a fence 80 on the via opening 55-1 
sideWall, as shoWn in FIG. 1F. 

[0008] Next, the second photoresist layer 70, second 
BARC layer 65 and the gap-?lling material 60 are then 
removed, as shoWn in FIG. 1G. To be continue, the second 
stop layer 30 and the ?rst stop layer 20 are etched to expose 
the ?rst dielectric layer 25 and the conductive layer 20. 
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HoWever, the fence 80 is difficult to removed. Thus, the 
resulting structure is a conventional via-?rst dual damascene 
structure illustrated in FIG. 1H. 

[0009] In the conventional via-?rst dual damascene 
method, they are many draWback, such as need gap-?lling 
material that Will interaction With dielectric layer and easy 
produce fence. In this process need deposited tWo times 
BARC layer and the How become complex. In this process 
need BARC layer to controlled high re?ectivity variation. In 
this process thicker BARC layer Will reducing ADI/AEI 
(after developing inspection/ after etching inspection) bias. 

SUMMARY OF THE INVENTION 

[0010] In accordance With the present invention, it is a 
main object of this invention to form a dual damascene 
structure Without using gap-?lling materials. 

[0011] It is another object of this invention Without using 
gap-?lling materials to avoided fence issue and improving 
CD uniformity. 

[0012] It is another object of this invention by using 
silicon oxynitride as a hard mask layer and anti-re?ectivity 
coating layer to reducing BARC cost. 

[0013] It is another object of this invention, silicon oxyni 
tride can be reducing re?ectivity variation is better than 
BARC. 

[0014] It is another object of this invention the dual 
damascene process How is simpler and easy to de?ne dual 
damascene structure. 

[0015] It is another object of this invention can be reduc 
ing ADI/AEI (after developing inspection/after etching 
inspection) bias. 

[0016] It is another object of this invention can be increas 
ing throughout effectively. 

[0017] In this invention, they didn’t need to use gap-?lling 
material to avoid resist residue. The other advantage is resist 
Will not touch to loW-k material because dual hard mask 
layer approach. It Will reduce the poison issue out of the 
interaction betWeen resist and loW-k material. 

[0018] In this invention, use silicon oxynitride ?lm to be 
top hard mask layer and silicon carbide ?lm to be bottom 
hard mask layer. Silicon oxynitride is not only a good hard 
mask layer ?lm but also a good inorganic anti-re?ectivity 
coating (ARC) layer. Especially, When the thickness of 
silicon oxynitride ?lm is over 1500 angstrom. It Will make 
the re?ectivity variation shrink to saturation by absorptance. 
By the Way, photo resist Will easily de?ne pattern due to 
effectively controlling substrate re?ectivity variation. In 
addition to good ARC effect, the etch selectivity of silicon 
oxynitride is much better than oxide to the loW-k dielectric 
material. The bottom hard mask layer is silicon carbide ?lm 
that has loW-k dielectric value to reduce RC delay to 
improve device performance. 

[0019] A method for forming dual damascene structure 
Without using gap-?lling materials comprising a stop layer, 
a dielectric layer, a bottom hard layer and top hard mask 
layer are formed on a substrate, sequentially. A via pattern 
photoresist layer is formed on the top hard mask layer. The 
top hard mask layer is etched by using the via pattern 
photoresist layer as a mask to transfer the via pattern into the 
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top hard mask layer then removed the via pattern photoresist 
layer. A trench pattern photoresist layer is formed on the top 
hard mask layer Wherein the trench pattern is over the via 
pattern. The bottom hard mask layer is etched by using the 
top hard mask layer as a mask to transfer the via pattern into 
the bottom hard mask layer. The top hard mask layer is 
etched by using the trench pattern photoresist layer as a 
mask, Wherein the via pattern is transferred into a portion of 
the dielectric layer. The bottom hard mask layer is etched by 
using the top hard mask layer as a mask, Wherein the via 
pattern is transferred into the dielectric layer. The dielectric 
layer is etched by using the bottom hard mask layer as a 
mask to form a via hole and a trench line in the dielectric 
layer, Wherein the trench line is over the via hole, and the via 
hole eXposes a portion of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The features and advantages of a semiconductor 
device according to the present invention and further details 
of a process of fabricating such a semiconductor device in 
accordance With the present invention Will be more clearly 
understood from the folloWing description taken in conjunc 
tion With the accompanying draWings in Which like refer 
ence numerals designate similar or corresponding elements, 
regions and portions and in Which: 

[0021] FIGS. 1A through 1H illustrate sequential sec 
tional vieWs of a conventional process for forming a dual 
damascene structure With using gap-?lling materials to 
obtain a fence. 

[0022] FIGS. 2A through 2I illustrates sequential sec 
tional vieWs of a process for forming a dual damascene 
structure Without using gap-?lling materials according to the 
invention. 

[0023] FIGS. 3A through 3I illustrate sequential sec 
tional vieWs of a process for forming a dual damascene 
structure Without using gap-?lling materials according to the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] The present invention Will be described in detail 
With reference to the accompanying draWings. The present 
invention provides a method for forming a dual damascene 
structure Without using gap-?lling materials. 

[0025] The preferred embodiment of the present invention 
begins by providing a semiconductor structure. The semi 
conductor structure having a substrate 100, a conductive 
layer 105 on the substrate 100, a stop layer 110 on the 
conductive layer 105, a dielectric layer 115 on the stop layer 
110, a bottom hard mask layer 120 on the dielectric layer 115 
and top hard mask layer 125 on the bottom hard mask layer 
120, shoWn in FIG. 2A. 

[0026] The conductive layer 105 can be comprise a metal, 
most preferably copper, aluminum or any other conductive 
material such as doped silicon is formed on the substrate 
100. Typically, the conductive layer 105 is an interconnect 
pattern or line. In a preferred embodiment, the conductive 
layer 105 is a copper. 

[0027] The stop layer 110 can be comprise silicon nitride, 
carbon nitride, boron nitride, boron carbon nitride or silicon 
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carbide, reduces capacitance betWeen conductive structures. 
Reduced capacitance provides a key advantage in perfor 
mance and reliability for sub-micron devices. In a preferred 
embodiment, the stop layer 110 is a silicon carbide layer. 

[0028] The dielectric layer 115 is a loW-k dielectric mate 
rial comprising an insulating material, such as silicon dioX 
ide, hydrogen-doped silicon dioXide, ?uorine-doped silicon 
dioXide, carbon-doped silicon dioXide, an organic polymer 
(comprising carbon and hydrogen), or a ?uorine-doped 
organic polymer. In a preferred embodiment, the dielectric 
layer 115 is a ?uorine-doped organic polymer layer. 

[0029] The bottom hard mask layer 120 can be comprising 
silicon nitride, silicon carbide, carbon nitride, boron nitride, 
or boron carbon nitride. In a preferred embodiment, the 
bottom hard mask layer 120 is a silicon carbide layer, 
thickness is about 25 nm and about 100 nm that has a loW-k 
dielectric value to reduce RC delay to improve device 
performance. 

[0030] The top hard mask layer 125 is preferably silicon 
oXynitride, silicon oXime or silicon nitride. The deposition 
of top hard mask layer 125 by conventional CVD techniques 
or typical spin-on organic hard mask materials. They creates 
a more uniform layer and provide better process control. In 
a preferred embodiment, the top hard mask layer 125 is a 
silicon oXynitride layer, has thickness about 100 nm and 
about 200 nm, that has been deposited using PECVD or 
LPCVD. 

[0031] In this invention, by using silicon oXynitride ?lm to 
be top hard mask layer 125. Silicon oXynitride is not only a 
good hard mask ?lm but also a good inorganic anti-re?ec 
tivity coating Especially, When the thickness of 
silicon oXynitride ?lm is over 1500 angstrom. It Will make 
the re?ectivity variation shrink to saturation by absorpance. 
By the Way, photoresist layer Will easily de?ne patterning 
due to effectively controlling substrate re?ectivity variation. 
In addition to good anti-re?ectivity coating effect, the etch 
selectivity of silicon oXynitride is much better than oXide to 
the loW-k dielectric material. It Will help to control the top 
hard mask layer 125 thickness about 1500 angstrom to 
reduce step height issue from coating via resist. 

[0032] NeXt, as shoWn in FIG. 2B, 21 ?rst photoresist layer 
130 is formed on the top hard mask layer 125 Wherein the 
?rst photoresist layer 130 has a via pattern 135. The top hard 
mask layer 125 is etched by using the ?rst photoresist layer 
130 as a mask to transfer the via pattern 135 into the top hard 
mask layer 125 to form a via opening 135-1, and then the 
?rst photoresist layer 130 is removed, as shoWn in FIG. 2C. 

[0033] NeXt, as shoWn in FIG. 2D, 21 second photoresist 
layer 140 is formed on the top hard mask layer 125 Wherein 
the second photoresist layer 140 has a trench pattern 145. 
The trench pattern 145 is over the via opening 135-1. The 
bottom hard mask layer 120 is etched by using the top hard 
mask layer 125 as a mask to transfer the via opening 135-1 
into the bottom hard mask layer 120 to form via opening 
135-2, as shoWn in FIG. 2E. 

[0034] NeXt, as shoWn in FIGS. 2F and 2G, the top hard 
mask layer 125 is etched by using the second photoresist 
layer 140 as a mask to form trench opening 145-1, Wherein 
the via opening 135-2 is transferred in to a portion of the 
dielectric layer 115 to form via opening 135-3. 
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[0035] Next, as shown in FIG. 2H, the bottom hard layer 
120 is etched by using the top hard mask layer 125 as a mask 
to form trench opening 145-2, Wherein the via openingl35-3 
is transferred into the dielectric layer 115. The dielectric 
layer 115 is etched by using the bottom hard mask layer 120 
as a mask to form a via hole 135-3 and a trench line 145-2 
in the dielectric layer 115, Wherein the trench line 145-3 is 
over the via hole 135-4. 

[0036] Next, as shoWn in FIG. 2I, the second photoresist 
layer 140 is removed. The stop layer 110 is etched by using 
the top hard mask layer 125 as a mask, then the via hole 
135-4 exposes a portion of the conductive layer 110. 

[0037] FIG. 3A shoWs an alternate dual damascene struc 
ture formed according to the present invention. The semi 
conductor structure having a substrate 200, a conductive 
layer 205 on the substrate 200, a ?rst stop layer 210 on the 
conductive layer 205, a ?rst dielectric layer 215 on the ?rst 
stop layer 210, a second stop layer 220 on the ?rst dielectric 
layer 215, a second dielectric layer 225 on the second stop 
layer 220, a bottom hard mask layer 230 on the second 
dielectric layer 225 and top hard mask layer 235 on the 
bottom hard mask layer 230. 

[0038] The conductive layer 205 can be comprise a metal, 
most preferably copper, aluminum or any other conductive 
material such as doped silicon is formed on the substrate 
200. Typically, the conductive layer 205 is an interconnect 
pattern or line. In a preferred embodiment, the conductive 
layer 205 is a copper. 

[0039] The ?rst stop layer 210 and second stop layer 220 
are comprise silicon nitride, carbon nitride, boron nitride, 
boron carbon nitride or silicon carbide, reduces capacitance 
betWeen conductive structures. Reduced capacitance pro 
vides a key advantage in performance and reliability for 
sub-micron devices. In this embodiment, the ?rst stop layer 
210 and second stop 220 can be same material or difference 
material. 

[0040] The ?rst dielectric layer 215 and second dielectric 
layer 225 are loW-k dielectric material comprising an insu 
lating material, such as silicon dioxide, hydrogen-doped 
silicon dioxide, ?uorine-doped silicon dioxide, carbon 
doped silicon dioxide, an organic polymer (comprising 
carbon and hydrogen), or a ?uorine-doped organic polymer. 
In this embodiment, the dielectric layer 215 and the second 
dielectric layer 225 can be same material or difference 
material. 

[0041] The bottom hard mask layer 230 can be comprising 
silicon nitride, silicon carbide, carbon nitride, boron nitride, 
or boron carbon nitride reduces capacitance betWeen con 
ductive structures. In a preferred embodiment, the bottom 
hard mask layer 230 is a silicon carbide layer, thickness is 
about 25 nm and about 100 nm that has loW-k dielectric 
value to reduce RC delay to improve device performance. 

[0042] The top hard mask layer 235 is preferably silicon 
oxynitride, silicon oxime, or silicon nitride. The deposition 
of top hard mask layer 235 by conventional CVD techniques 
or typical spin-on organic hard mask material. They creates 
a more uniform layer and provide better process control. In 
a preferred embodiment, the top hard mask layer 235 is a 
silicon oxynitride layer, has thickness about 100 nm and 
about 200 nm, that has been deposited using PECVD or 
LPCVD. 
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[0043] In this invention, by using silicon oxynitride ?lm to 
be top hard mask layer 235. Silicon oxynitride is not only a 
good hard mask ?lm but also a good inorganic anti-re?ec 
tivity coating Especially, When the thickness of 
silicon oxynitride ?lm is over 1500 angstrom. It Will make 
the re?ectivity variation shrink to saturation by absorpance. 
By the Way, photoresist layer Will easily de?ne patterning 
due to effectively controlling substrate re?ectivity variation. 
In addition to good anti-re?ectivity coating effect, the etch 
selectivity of silicon oxynitride is much better than oxide to 
the loW-k dielectric material. It Will help to control the top 
hard mask layer 235 thickness about 1500 angstrom to 
reduce step height issue from coating via resist. 

[0044] Next, as shoWn in FIG. 3B, 21 ?rst photoresist layer 
240 is formed on the top hard mask layer 235 Wherein the 
?rst photoresist layer 240 has a via pattern 245. The top hard 
mask layer 235 is etched by using the ?rst photoresist layer 
240 as a mask to transfer the via pattern 245 into the top hard 
mask layer 235 to form a via opening 245-1, and then the 
?rst photoresist layer 240 is removed, as shoWn in FIG. 3C. 

[0045] Next, as shoWn in FIG. 3D, 21 second photoresist 
layer 250 is formed on the top hard mask layer 235 Wherein 
the second photoresist layer 250 has a trench pattern 255. 
The trench pattern 255 is over the via opening 245-1. The 
bottom hard mask layer 230 is etched by using the top hard 
mask layer 235 as a mask to transfer the via opening 245-1 
into the bottom hard mask layer 230 to form via opening 
245-2, as shoWn in FIG. 3E. 

[0046] Next, as shoWn in FIG. 2F, the top hard mask layer 
235 is etched by using the second photoresist layer 250 as a 
mask to form trench opening 255-1, Wherein the via opening 
245-2 is transferred into the second dielectric layer 225 to 
form via opening 245-3. 

[0047] Next, as shoWn in FIG. 3G, the bottom hard mask 
layer 230 is etched by using the top hard mask layer 235 as 
a mask to form trench opening 255-2 Wherein the via 
opening 245-3 is transferred into the second stop layer 220 
to form via opening 245-4. 

[0048] Next, as shoWn in FIG. 3H, the second photoresist 
layer 250 is removed. The second dielectric layer 225 is 
etched by using bottom hard mask layer 230 as a mask to 
form trench opening 255-3 Wherein the via opening 245-4 is 
transferred into the ?rst dielectric layer 215 to form via 
opening 245-5. 

[0049] Next, as shoWn in FIG. 3I, the second stop layer 
220 is etched by using the top hard mask layer 235 as a mask 
Wherein the via opening 245-5 is transferred in the ?rst stop 
layer 210 to form a via hole 245-6 and trench line 255-4, 
then the via hole 245-6 exposes a portion of the conductive 
layer 210. 

[0050] While the invention has been particularly shoWn 
and described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. For 
example, although a via ?rst, dual damascene process is 
described for illustrative purposes, the invention can also be 
used for other damascene processes. 
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What is claimed is: 
1. A method for forming dual damascene structure With 

out using gap-?lling material, said method comprising: 

providing a semiconductor structure having a substrate, a 
dielectric layer on said substrate, a ?rst hard mask layer 
on said dielectric layer, a second hard mask layer on 
said ?rst hard mask layer; 

forming a via pattern photoresist layer on said second 
hard mask layer; 

etching said second hard mask layer by using said via 
pattern photoresist layer as a mask to transfer said via 
pattern into said second hard mask layer; 

removing said via pattern photoresist layer; 

forming a trench pattern photoresist layer on said second 
hard mask layer, Wherein said trench pattern is over 
said via pattern; 

etching said ?rst hard mask layer by using said second 
hard mask layer as a mask to transfer said via pattern 
into said ?rst hard mask layer; 

etching said second hard mask layer by using said trench 
pattern photoresist layer as a mask, Wherein said via 
pattern is transferred into a portion of said dielectric 
layer; 

etching said ?rst hard mask layer by using said second 
hard mask layer as a mask, Wherein said via pattern is 
transferred into said dielectric layer; and 

etching said dielectric layer by using said ?rst hard mask 
layer as a mask to form a via hole and a trench line in 
said dielectric layer, Wherein said trench line is over 
said via hole, and said via hole eXposes a portion of said 
substrate. 

2. The method according to claim 1, Wherein said ?rst 
hard mask layer is silicon carbide. 

3. The method according to claim 2. Wherein said second 
hard mask layer is silicon oXynitride. 

4. The method according to claim 1, Wherein said dielec 
tric layer is loW-dielectric constant layer. 

5. The method according to claim 1, Wherein said sub 
strate comprises conductive layer under said via hole. 

6. The method according to claim 5, Wherein said con 
ductive layer comprises copper. 

7. The method according to claim 6, further comprising a 
stop layer betWeen said conductive layer and said dielectric 
layer. 

8. The method according to claim 7, further comprising a 
step of etching said bottom layer to eXpose a portion of said 
substrate after said step of etching said dielectric layer by 
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using said ?rst hard mask layer as a mask to form a via hole 
and a trench line in said dielectric layer. 

9. A method for forming dual damascene structure With 
out using gap-?lling material, said method comprising: 

providing a semiconductor structure having a substrate, a 
?rst dielectric layer on said substrate, an etch stop layer 
on said ?rst dielectric layer, a second dielectric layer on 
said etch stop layer, a ?rst hard mask layer on said 
second dielectric layer, and a second hard mask layer 
on said ?rst hard mask layer; 

forming a via pattern photoresist layer on said second 
hard mask layer; 

etching said second hard mask layer by using said via 
pattern photoresist layer as a mask to transfer said via 
pattern into said second hard mask layer; 

removing said via pattern photoresist layer; 

forming a trench pattern photoresist layer on said second 
hard mask layer, Wherein said trench pattern is over 
said via pattern; 

etching said ?rst hard mask layer by using said second 
hard mask layer as a mask to transfer said via pattern 
into said ?rst hard mask layer; 

etching said second hard mask layer by using said trench 
pattern photoresist layer as a mask to transfer said 
trench pattern into said second hard mask layer, 
Wherein said via pattern is transferred into said second 
dielectric layer; 

etching said ?rst hard mask layer by using said second 
hard mask layer as a mask to transfer said trench pattern 
in to said ?rst hard mask layer, Wherein said via pattern 
is transfer into said etch stop layer; and 

etching said ?rst and second dielectric layers to form a via 
hole in said ?rst dielectric layer and a trench line in said 
second dielectric layer, Wherein said via hole eXposes a 
portion of said substrate. 

10. The method according to claim 9, Wherein said ?rst 
hard mask layer is silicon carbide. 

11. The method according to claim 10, Wherein said 
second hard mask layer is silicon oXynitride. 

12. The method according to claim 9, Wherein said ?rst 
and said second dielectric layers are loW-dielectric constant 
layer. 

13. The method according to claim 9, Wherein said 
substrate comprises conductive layer under said via hole. 


